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Eects of the Fermi-sea polarization on the superfluidity in nuclear matter are
studied in a framework of quantum hadrodynamics. The particle-hole polarization
due to  and ! mesons enhances the peak value of the pairing gap contrary to the
previous non-relativistic studies.
1 Introduction
Pairing correlation in nuclear matter has long been studied mainly in neutron
matter from a view point of neutron-star physics such as cooling rates ?. In
addition, pairing in nuclear matter with nite Z=N ratio is also becoming of
interest as a basic information for the structure theory of nite nuclei, since
recent development of RI-beam experiments makes it possible to study N ’ Z
medium-heavy nuclei and neutron-rich light nuclei.
At present, there are two ways to describe the fundamental properties such
as the saturation property of the nite-density nuclear many-body system; the
non-relativistic and the relativistic models. They are understood as describing
observed properties almost equally. Among them, we here adopt the latter
because of its relative proximity to the underlying eld theory. The origin
of quantum hadrodynamics (QHD) can be traced back to Duerr’s relativistic
nuclear model ? which reformulated a non-relativistic eld theoretical model
of Johnson and Teller ?. Since Chin and Walecka succeeded in reproducing
the saturation property of symmetric nuclear matter within the mean-eld
approximation ?, QHD has not only been evolving beyond the mean-eld ap-
proximation as a many-body theory but also been enlarging its objects as a
nuclear structure model as innite matter! spherical! deformed! rotating
nuclei ?. These successes indicate that the particle-hole interaction in QHD is
realistic. In contrast, relativistic nuclear structure calculations with pairing
done so far have been using particle-particle interactions borrowed from non-
relativistic models and therefore the particle-particle channel in QHD has not
been studied well even in innite matter. Aside from practical successes, this
situation is unsatisfactory theoretically. Therefore, in this talk, we present an
eort to derive an in-medium particle-particle interaction which is consistent
with the relativistic mean eld although only innite matter can be discussed
at the present stage.
Up to now, there have been a lot of non-relativistic studies of the pairing
in nuclear matter. As for the particle-particle interaction entering into the
gap equation, some authors adopted bare interactions whereas others adopted
renormalized ones such as G-matrices or with Jastrow correlations. Although,
in the medium, renormalized interactions should be used intuitively, following
reasons support the use of bare interactions: 1) The Green’s function formal-
ism leads to the sum of the irreducible diagrams ?;?, and its lowest order is the
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2 Outline of formulation
As described in ref.??, meson elds also have to be treated quantum me-
chanically to incorporate the pairing eld via the anomalous (Gorkov) Green’s
functions. The resulting Dirac-HFB equation reduces to the ordinary BCS
equation in the innite matter case. Therefore, the actual task is to solve the
coupled equations:
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(1)
where vpp(p; k) is an angle-integrated, anti-symmetrized matrix element of the
adopted particle-particle interaction,  is a cut-o momentum, and γ =4 (2)
for symmetric nuclear matter (neutron matter). A natural choice of vpp is
the OBE without form factors, with the coupling constants and meson masses
which are consistent with the mean eld. Note that the mesons whose ground-
state expectation values are zero (such as ) can also contribute here. Since
it was shown in ref.?? that the pairing eld was determined mainly by  and
!, however, we take into account only these two in the present polarization
calculation.
Here we examine the Fermi-sea polarization diagrams added to the OBE
terms mentioned above. The polarization term due to , for example, is given
by




with a 4-momentum q = k − p, and u stands for the nucleon spinor with
tildes indicating time-reversal. Similar terms due to ! and the -! mixing are
also included. As for the polarization insertion (q), we examine the ordinary
Feynman-density decomposition and the particle-hole-antiparticle decomposi-
tion ? in order to single out the pure particle-hole eects which compare with
those in the non-relativistic calculations. In the actual calculation, an instan-
taneous approximation (q0 = 0) was adopted as in refs.?? and ??. Note that
an spin sum, an angle integration and an anti-symmetrization are necessary
to obtain the matrix elements in the 1S0 gap equation in (1). The following
results are given by a one-ring calculation. A preliminary RPA calculation
shows that the collectivity does not change the essential feature.
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